The relationship between adiposity and cardiac dimensions were considered in healthy 9-to 18-year-old boys (n ¼ 198) and girls (n ¼ 154). Indicators of adiposity included the body mass index (BMI), sum of skinfolds (SSF) and trunk-to-extremity ratio (TER). The following left ventricular (LV) dimensions were measured by echocardiography: internal diameter (LVIDd); posterior wall thickness (PWT) and intraventricular septal wall thickness. LV mass (LVM) was estimated. In boys, 11 of 45 correlations were significant. The magnitude of the correlations increased across age groups and most of the correlations were significant in the oldest age group. In girls, 18 of 45 correlations were significant, but there were inconsistent patterns in the magnitude of the correlations across age groups. Correlations between BMI and LVIDd and LVM were highest in youth 13-15 years, whereas other correlations involving the BMI were rather constant across age groups. Correlations involving SSF were significant only in 9-12 and 13-15 year olds. There were no significant correlations involving TER in female subjects. In the total sample of boys, only correlations between the BMI and LV parameters were significant (r ¼ 0.14-0.38), except for the relationship between SSF and PWT (r ¼ 0.21). The TER was weakly associated with LV parameters. In the total sample of girls, correlations for LV parameters were significant for both the BMI (r ¼ 0.20-0.43) and SSF (r ¼ 0.18-0.28; except for LVIDd). TER was not significantly related to LV parameters except LVIDd (r ¼ 0.16). The findings indicate that the BMI is an important determinant of LV structure.
Introduction
The atherosclerotic process begins during childhood and is positively associated with several traditional risk factors for cardiovascular disease (CVD) (e.g., high blood cholesterol and high blood pressure). 1 The secular trend in paediatric obesity 2 and the emergence of the metabolic syndrome in adolescents 3 within the past few decades has heightened the concern for the future cardiovascular health of recent generations.
In addition to the metabolic syndrome, another potential consequence of elevated adiposity is left ventricular (LV) hypertrophy. 4 LV hypertrophy has been shown to be related to hypertension in young people 5 and congestive heart failure and cardiovascular mortality in adults. 6, 7 Previous studies in children have shown that several indicators of adiposity are positively related to LV parameters with differences being particularly evident between obese and non-obese individuals. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Despite the number of studies that examined overall adiposity or obesity on LV structure, few 9, 16 have considered a measure of central adiposity, which is generally a stronger correlate of CVD risk factors in adults. 20 Most of the previous studies have considered a wide age range and have not considered chronological age as a covariate in the statistical analysis, whereas others have combined sexes for the analysis. These limitations are important to consider as cardiac dimensions increase with normal growth and maturation and vary by sex. [21] [22] [23] [24] Correlations between age and LV mass (LVM) in children and adolescents range from 0.60 to 0.75. 8, 17 The purpose of this study was to examine the ageindependent relationships between overall and central adiposity and LV structure in a free-living sample of adolescent male and female subjects divided into three age groups to represent early-, mid-and late adolescence.
Methods

Design and participants
The Québec Family Study (QFS) has been described in detail elsewhere. 25 Briefly, the QFS was a population-based family study of French Canadians. The present sample includes 198 boys and 154 girls 9-18 years of age from Phase I of QFS, who were recruited from the greater Québec City area through the local media (radio, television, flyers). Given that the participants are from a family study, some of the participants are biologically related (siblings). However, the data were analysed separately by sex to minimize potential familial effects. Subjects were examined by a physician and those with injuries, cardiovascular problems and other diseases were excluded, thus providing a sample of healthy individuals free of overt disease. The study was approved by the Laval University Medical Ethics Committee and informed consent was provided by all subjects and by parents for the children under 18 years of age.
Anthropometry
Stature and body mass were measured following the procedures of the International Biological Program. 26 The body mass index (BMI) was derived (body mass (kg)/stature (m 2 )). Sum of skinfolds (SSF) were measured by a single trained anthropometrist to the nearest 0.5 mm using a Harpenden caliper at six sites; triceps, biceps, subscapular, suprailiac, abdominal and medial calf. Based on replicate measurements of 61 subjects, the technical error of measurement for the SSF was 4.9 mm with a coefficient of variation of 8%. 27 The skinfold trunkto-extremity ratio (TER) was calculated as the sum of three trunk skinfolds divided by the sum of the three extremity skinfolds and used as the index of relative subcutaneous adipose tissue distribution with higher values indicating proportionally more truncal fatness.
Cardiac dimensions
Echocardiography was conducted in the morning in an air-conditioned laboratory. A LV echocardiogram was recorded by a single, experienced investigator with subjects in a resting state, head tilted upward at 30 degrees and in the left lateral decubitus position. Recordings were made at non-forced end-expiration. LV dimensions were obtained at the level of the chordae tendinae from the posterior mitral valve, using two-dimensional guidance. Electrocardiograms were processed using a Houston Instrument HIPAD digitizer table connected to a personal computer. Measurements of LV dimensions were made according to procedures recommended by the American Society of Echocardiography. 28 The following LV dimensions at end-diastole were measured: internal diameter (LVIDd, mm); posterior wall thickness (PWT, mm); intraventricular septal wall thickness (ST, mm). LVM (g) was estimated with the following regression corrected cube formulae 29 :
À14. LVM was indexed to ht 2.7 (LVMI) according to de Simone et al.
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Data analysis For descriptive purposes, an independent t-test was used to calculate the mean difference between sexes for the total sample. Subjects were divided into three age groups: 8.50-12.49, 12.50-15.49 and 15.50-18.49 years to approximate early-, mid-and late adolescence, respectively. Unfortunately, an indicator of biological maturity status was not assessed. Partial correlations, controlling for chronological age, between adiposity variables and LV measurements were calculated for each age and sex group and also for the total sample by sex. Backward stepwise regression analysis was performed to examine the multivariate nature of LVM. This LV variable was chosen as it is most often reported in epidemiological and clinical studies. Age, height, body mass, BMI, SSF and TER were entered as predictor variables. An alpha level of 0.05 was used as the level of statistical significance. Statistical analyses were executed with the SPSS package (version 11.0).
Results
Physical characteristics of male and female subjects are shown in Table 1 in the total sample and by age groups. In the total sample, the mean values between male and female subjects are similar for age, height, weight and the BMI. SSF is greater in girls, whereas the TER is greater in boys. LV parameters are greater in male subjects.
Partial correlations between adiposity and LV variables by sex and age groups are shown in Table 2 . In boys, 11 of 45 age group-specific correlations are statistically significant. In general, the magnitude of the correlations for each adiposity variable increases across age groups and several of the correlations are significant in the oldest age group. Overall, the correlations involving the BMI are the strongest. In girls, 18 of 45 age group-specific correlations are significant. There were inconsistent patterns in the magnitude of the correlations across age groups. Correlations between the BMI and LVIDd and LVM are highest in 13-15 year olds, whereas correlations between the BMI and STD and PWT remain fairly constant across age groups. Correlations involving SSF are only significant in the 9-12 and 13-15 year old age groups. There are no significant correlations involving the TER in female subjects and several correlations in 13-15 and 16-18 year olds are negative.
For the total sample of boys 9-18 years, only the correlations between BMI and LV parameters are significant (r ¼ 0.14-0.38) with one exception, a low correlation between SSF and PWT (r ¼ 0.21).
The TER is weakly associated with LV parameters in boys. In girls 9-18 years, correlations are significant for the BMI (r ¼ 0.20-0.43) and SSF (r ¼ 0.18-0.28; except for LVIDd) and LV parameters. TER is not significantly related to LV parameters except LVIDd (r ¼ 0.16) in girls. Results from the multiple linear regression show that 60% of the variance in LVM can be explained by SSF and body mass in male subjects and 40% of the variance can be explained by SSF, height and BMI in female subjects.
Discussion
This study indicates that the BMI is a correlate of LV structure in 9-to 18-year-old male subjects and both the BMI and skinfold thickness are correlates of LV structure in 9-to 18-year-old female subjects. Central subcutaneous adiposity, as expressed by the TER, is not related to LV parameters in this sample of healthy adolescent boys and girls.
Comparison of the results of this study to previous reports is difficult for two reasons and need to be considered throughout the discussion. First, previous studies generally included a wide age range (e.g., 6-18 years). Correlations in the present study are presented for narrow age groups that approximate early-, mid-and late adolescence so that age group-specific relationships between adiposity and LV structure can be examined. Second, most of the previous studies report univariate correlation coefficients that may result in spurious relationship, as the correlations between two variables (adiposity and LVM) may be due primarily to the common variance of a third variable, specifically, chronological age. Indeed, the correlations among age, BMI and LV variables in male (r ¼ 0.63-0.66) and female subjects (r ¼ 0.43-0.54) in the present study are similar to those previously reported. Therefore, controlling for chronological age within narrow age groups provides a clearer understanding of the associations between adiposity and LV structure during growth and maturation. Nevertheless, the correlations between the BMI and LV parameters for the entire sample (9-18 years of age) are similar to other reports. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Studies examining age-specific correlations within narrow age groups are unavailable for comparison. The findings suggest age-and sex-specific patterns in the correlations between adiposity and LV measures. In boys, the magnitude of the correlations for each adiposity variable increases across age groups, whereas in girls the pattern in the magnitude of the correlations across age groups is inconsistent. The results also extend previous findings from the QFS in which the body surface area showed significant correlations with LV structure among 9-24 year olds. 31 As widely recognized, the BMI represents both fat-free mass (FFM) and fat mass. In this sample, the correlations between BMI and the SSF in male and female subjects were 0.81 and 0.62, respectively, indicating that FFM probably also plays role in LVM. In a regression model, FFM explained 75% of the variance in LVM in 6-to 17-year-old youth, whereas fat mass contributed an additional 1.5% (dual-energy X-ray absorptiometry (DXA)). 8 Janz et al. 18 reported that FFM explained 50% and SSF explained 15% of the variance in LVM in 8-to 12-year-old boys, and in girls FFM 62% of variance while SSF was not a significant predictor. In the present study, the relationship between BMI and LVM in female subjects probably relates to both FFM and fat mass as the SSF was also significantly related to LVM. However, SSF was not related to LV structure in male subjects; therefore, the correlation between BMI and LV structure may reflect the contribution of FFM; however, this conclusion cannot be drawn indefinitely in the current study given the lack of estimates of body composition. The pattern of increasing correlations between BMI and LV structure with age in male subjects probably reflects the male adolescent spurt in muscle mass, including cardiac muscle. 24 On the other hand, the null results of fatness on LV structure in male subjects may indicate that a critical level of fatness may be needed before it has an effect on LV structure. This notion is supported by the reports that indicate greater LV structure in obese compared to non-obese subjects. 11, 14 The prevalence of overweight and obesity is very low in this sample so that it was impractical to classify subjects as obese and non-obese.
In contrast to previous studies, the relative subcutaneous fat distribution (TER) was not related to LV structure. Indicators of the central adiposity in previous studies included the waist-to-hip ratio, 16 fat distribution assessed by DXA, 9 and visceral adipose tissue determined by magnetic resonance imaging. 32 It is possible that TER based on extremity and trunk skinfold thicknesses is not a sensitive measure of central adiposity when examining LV structure. It is also possible that the relative thinness of the sample contributed to the lack of relationships.
Although the limitations of this study have been briefly acknowledged throughout the paper, it is important to summarize them again. First, as this is a family study the results may have been affected by the augmented impact of similar genotypes among biologically related subjects. Second, the subjects were recruited from a specific (French Canadian) local population in Quebec, which limits the wide applicability of these results to other populations. Third, the lack of an association between regional fat distribution, as assessed by the TER, and LV may have been due to the relatively lean sample and the use of a less sensitive measure of central adiposity. Last, the lack of an indicator of pubertal status is unfortunate. It remains possible that the observations may reflect changes in development rather than body composition per se and this undoubtedly weakens the study.
In conclusion, the results of this study indicate that BMI is a good correlate of LV structure, which varies by age and sex in non-obese adolescents. In contrast to some previous findings, central adiposity as measured by the TER is not related to LV structure. Although body size is an important determinant of LV dimensions, other factors contribute to the variance in this complex, multifactorial trait in healthy adolescents. A significant proportion of the variance in the LV phenotype may be explained by genotype as the estimated heritability of cardiac structure is 30-70%. 33, 34 What is known on this topic? K Few studies have considered a measure of central adiposity when examining cardiac dimensions K Most of the previous studies have considered a wide age range and have not considered chronological age as a covariate in the statistical analysis, whereas others have combined sexes for the analysis K These limitations are important to consider as cardiac dimensions increase with normal growth and maturation and vary by sex
What this study adds? K BMI is a good correlate of LV structure, which varies by age and sex in non-obese adolescents K In contrast to some previous findings, central adiposity as measured by the TER is not related to LV structure K Although body size is an important determinant of LV parameters, other factors contribute to the variance in this complex, multifactorial trait in healthy adolescents Abbreviations: LV, left ventricular; TER, trunk-to-extremity skinfold ratio.
